An analytical approach to the non linear system describing classical 1D longitudinal oscillations in an SU(2) plasma is proposed. A physical interpretation is given for two distinct "Abelian" and "non-Abelian" phases of the non-linear oscillations. Numerical estimates of meaningful physical quantities are made. Analytical results are extended to the physically more relevant SU (3) case, for which numerical simulations have been also carried out. PACS. 12.38.Mh Quark-gluon plasma -52.35.Mw Nonlinear waves and nonlinear wave propagation (including parametric effects, mode coupling, ponderomotive effects, etc.)
Introduction
In this paper we discuss a fluid model for a SU(2) Yang-Mills plasma. This model is useful to understand, in a relatively simple framework, some aspects of the phenomenology of physical systems in which quark-gluon plasma effects play an important role. It is well-known that quarkgluon plasmas present a complex phenomenology [1, 2] which has been extensively investigated by means of quantum field theoretical techniques, such as lattice QCD simulations at finite temperature [1, 2] . However, it is also commonly assumed that collective phenomena of essentially classical nature occur in quark-gluon plasmas [1] , such as the screening mechanism, which is in competition with the well-known anti-screening effect due to vacuum polarization in zero temperature QCD. The existence of such collective phenomena justifies a classical approach to quark-gluon plasmas. Starting from the work of Wong [3], Kajantie and Montonen [4], we show that in the system of fluid equations they derive, conservation laws can be written in a general and gauge invariant form, and we also discuss the physical meaning of quantities involved in such equations. We further investigate the system obtained by Bhatt et al. [5] and Kaw [6] , in the case of pure longitudinal 1D plasma oscillations, and propose a physical interpretation of the phenomenology observed by these authors. We also present an analytical approach providing an approximate solution of this kind of system, showing that the main physical features may be predicted and interpreted in this framework. Finally, we extend our analytical solution to the case of an SU(3) plasma, and we perform numerical simulations of the analogue of the a e-mail: zonca@frascati.enea.it b Permanent address: ISPESL, Dip. Igiene del lavoro, Monteporzio Catone, Italy. system found by Bhatt et al. [5] . We find that the precession of the color charge vector in color space gives rise to a dynamically decoupled phase (on the fast time-scale of plasma oscillations) both in the SU(2) and the SU (3) case, which may be predicted and investigated by means of the analytical approach proposed here.
In the present work, we employ the "cold plasma" approximation, i.e., we assume that ω p kT , where ω p is the plasma frequency and T the temperature. More specifically, all physical quantities will be computed in the cold plasma limit, and the corresponding expressions will be valid only in this limit; e.g., this will apply to the expression of the plasma frequency, reported in Section 3.
In addition we also restricted ourselves to the case mc 2 ω p kT . This cold non relativistic limit is discussed in reference [7] and used there as a physically relevant one for thepair production phenomenology in a quark-gluon plasma.
The opposite limit, ω p kT , is analyzed by Braaten and Pisarski [8] , where the plasmon damping rate due to thermal gluon interactions is computed within a perturbative (g → 0) framework.
Here, it is worth emphasizing that the characteristic times for the onset of collective non-Abelian effects, that we discuss in the present paper, are of the same order or smaller than the computed characteristic plasmon damping times [8] . However, the present assumption that plasmon interactions with thermal gluons are negligible does not qualitatively alter our primary result that there exist two different time scales: a short one, naturally associated with ω −1 p , and a long one, due to collective screening of the color charge. This point is particularly relevant for the SU(3) case, where the long time scale dynamics becomes rapidly the most relevant one, as it will be apparent from the analysis of Section 8. In fact, the results of the present work suggest the possibility of simultaneously 132 The European Physical Journal D handling both collective non-Abelian effects and plasmon interactions with thermal gluons by extending the present multiple time scale analytical approach. This, however, is beyond the scope of the present analysis. The comparison between characteristic time scales associated with collective screening of the color charge and plasmon thermal damping times will be further addressed in the conclusions (Sect. 9).
Basic plasma equations and conservation laws
Following Kajantie and Montonen [4] we describe classical particles by three fields: density n, velocity v, and color charge vector I a (a = 1, 2, 3) . The plasma particles generate a four current density which acts as a source of classical Yang-Mills fields A µ a . The basic equations for the colored particles in external gauge fields, obtained by Kajantie and Montonen [4] , are:
By means of particle fields, it is possible to define [3, 4] the four current J µ a as:
where the index A indicates an SU(2) doublet of mass m A . In the following, we will consider a plasma with only two doublets, of mass m 1 and m 2 respectively, and with m 2 m 1 . This assumption implies that heavy colored particles have no dynamics and form only a background which ensures global particle charge neutralization at equilibrium [5, 6] , i.e. I 10a + I 20a = 0, and I 2a = const = I 20a . Gauge fields, generated by colored particles, are described by the tensor:
where T a are the infinitesimal generators of an SU(2) transformation, whose commutation rules are:
7)
D µ is the covariant derivative : 2.8) and
For the four current J µ a , generated by the particles, there exists a continuity equation:
(2.10) which, projected on the SU(2) axes, becomes:
Ampère-Maxwell equations for the gauge fields are: (2.12) i.e.,
(2.13)
We briefly discuss gauge transformation properties [5] of equations and quantities introduced above. These properties are, in general, well-known. Nonetheless, we find it useful to briefly recall them here. Moreover, these properties will allow us to find gauge invariant terms which are also conserved quantities. If U is a matrix which represents a gauge transformation:
( 2.14) where ε a (x) are the infinitesimal parameters of the gauge transformation, and the covariant derivative transforms as: 
From the definition of the four current in terms of density, velocity and color charge vector, one has that, since n A and v A are scalar quantities in color space, the color charge vector must have the gauge transformation properties of the four current [5]:
(2.18)
Non-Abelian gauge theories [9], as SU(2), are constructed by representing particles with multiplets in the color space, which is also the charge space, and by imposing local invariance of the theory under rotations in this space. In SU(2), particles are represented by doublets while the color charge vector, as an operator over particle states, acts in the color space as an angular momentum, which is also the generator of SU(2) rotations. The three component I a of the color charge vector are indeed,
